Angiogenesis inhibition research is a cutting edge in angiogenesis-dependent disease therapy, and especially in cancer therapy. Recently, studies on anti-angiogenic peptides have provided promising results in the cancer treatment field. In the current study we propose an effective machine learning based R package (AntAngioCOOL) to predict anti-angiogenic peptides. We have examined more than 200 different classifiers to build an efficient predictor. Also, more than 17000 features have been extracted to encode the peptides. However, finally, more than 2000 informative features have been selected to train the classifiers. According to the obtained results AntAngioCOOL can effectively predict anti-angiogenic peptides: this tool achieved sensitivity of 88%, specificity of 77% and accuracy of 75% on independent test set. AntAngioCOOL can be accessed at https://cran.r-project.org/.
INTRODUCTION
Angiogenesis is the process of formation of new blood vessels from pre-existing vessels to make a supply of nutrients and a waste disposal pathway1. Angiogenesis is a normal and fundamental physiological process in growth and development 2-4. However, it is a vital event in cancer progression-transition tumors from a benign state to a malignant one-and spread of a tumor (metastasis)5-7. Nowdays, decreasing or inhibiting angiogenesis is a cutting edge research in cancer therapy and is in the center of other angiogenesis-dependent disease therapy1, 8-15. Recognition the anti-angiogenic peptides has stimulated great interest among researchers in the cancer treatment field during recent years 16, as well as other therapeutic peptides 17-23. However, there exist very rare studies in computational detection of antangiogenic peptides8.
In this paper, we have proposed an efficient machine learning based R package to detect anti-angiogenic peptides, namely AntAngioCOOL. Five types of features have been used to encode peptides in order to predict anti-angiogenic ones. According to the obtained results, AntAngioCOOL reached to a satisfactory performance in anti-angiogenic peptide prediction on a benchmark non-redundant independent test dataset.
METHODS

Dataset
We have used the gold standard dataset that has been recently published 8 . After removing redundant peptides, this dataset contains 135 anti-angiogenic peptides (positive instances) and 135 non anti-angiogenic peptides (negative instances). Also, a 20% of each class has been selected to construct an independent test dataset (see supplementary file).
Features
The following subsections provide a brief description for each peptide feature. Moreover, 
Pseudo Amino Acid Composition
We used pseudo amino acid composition (PseAAC) that has been used effectively in We have computed k-mer compositions for k=2,3,4 for each peptide. 
Physico-chemical profile
Machine Learning Method
To build a powerful anti-angiogenic peptide predictor, 227 different classifiers (see supplementary file) in the caret package 27 have been examined. Finally, the three best classifiers (those with best sensitivity, specificity and accuracy) have been selected to be included in the AntAngioCOOL package. Figure 1 provides a schematic representation of the proposed method. 
Evaluation parameters for the prediction performance
The training dataset was used to train the classifier, and then the classifier was evaluated using the test data. The predictions made for the test instances were used to compute the following performance measures:
Where, TP and TN are the number of correctly predicted anti-angiogenic peptides and non anti-angiogenic peptides, respectively. Similarly, FP and FN are the number of non anti-angiogenic peptides and anti-angiogenic peptides that wrongly predicted as antiangiogenic peptides and non anti-angiogenic peptides, respectively.
RESULTS & DISCUSSION
Preprocessing
To remove non-informative features, which can lead to reducing the computational cost without losing the prediction performance, nearZeroVar function from caret package27 has been utilized. This function eliminates those features that have one unique value (i.e.
are zero variance features) or features with both of the following characteristics: they have very few unique values relative to the number of samples and the ratio of the frequency of the most common value to the frequency of the second most common value is large. nearZeroVar has been applied to the extracted features using its default parameters. Interestingly, less than 2% of the extracted features (2343 out of 175062)
have been selected as informative ones to construct the prediction models (see the supplementary file for more details). of the final features, respectively. Moreover, figure 3 .B shows the percentage of each feature type that has been selected as a subset of the final features.
Prediction performance
sequence-order information is important in anti-angiogenic peptide prediction
As the figure 3 . 
Comparison with the current state-of-the-art methods
The proposed method has been trained and tested with the same data used for AntiAngioPred 8. Results reveal that AntAngioCOOL has a higher accuracy (77% vs. 75%) and considerable higher sensitivity (88% vs. 65%). Therefore, AntAngioCOOL package can be used more effectively in anti-angiogenic peptide prediction, especially when one is interested in detecting almost anti-angiogenic peptides (in the cost of having some false positives) in a given list of peptides.
CONCLUSION
In this study an R package (AntAngioCOOL) has been proposed to predict antiangiogenic peptides. AntAngioCOOL exploits five descriptor types for a peptide of interest to perform the prediction including: PseAAC, k-mer composition, k-mer composition (reduced alphabet), physico-chemical profile and atomic profile. After removing the non-informative descriptors, only 2% of the extracted descriptors have been used to build the predictor models. AntAngioCOOL includes three different models that can be selected by the user.
The results disclosed that physico-chemical profile is the most important feature type. Also, atomic profile and PseAAC are the other important features. Therefore, it can be concluded that sequence-order information plays a critical role in anti-angiogenic peptide prediction. In addition, according to the results dipeptide has the most contribution in anti-angiogenic peptide prediction among the k-mer composition features.
